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SUMMARY 


A wind-tunnel investigation was made to determine the effect 
of length— beam ratio on the aerodynamic characteristics of a 
family of flying— boat hulls in the presence of a wing. The hulls 
were designed to have approximately the same hydrodynamic performance 
with respect to spray and resistance characteristics regardless of 
length-beam ratio. 

The investigation Indicated a reduction in minimum drag 
coefficient of 0.0022 (29 percent) with fixed transition when 
length-beam ratio was extended from 6 to I 5 . Minimum drag 
generally occurred in the angle— of— attack range from 2° to 3 ° 
for all length— beam ratios. Increasing length— beam ratio from 
6 to 15 increased the hull longitudinal stability by an amount 
corresponding to a rearward aerodynamic— center shift of about 

2^ percent mean aerodynamic chord on a flying boat; at an angle of 

attack of 2° the same change in length— beam ratio increased the 
hull directional instability by increasing the variation of yawing- 
moment coefficient with angle of yaw from a value of O.OOO 9 to 
a value of O.OOlh. 

Incorporating a hull step fairing, which extended longitudinally 
about 9 times the depth of the step at the keel, resulted in a 
reduction up to 16 percent in minimum drag coefficient. 


INTRODUCTION 


In view of the requirements for increased range and increased 
speed in futiire flying— boat designs, the Langley Laboratory of the 
NACA is making an investigation of the aerodjuiamic characteristics 
of flying-boat hulls as affected by hull dimensions and hull shape. 


2 


MCA TN No. 1305 


Hydrodynamic tests have shown that at the same gross load the 
length-oeam ratio Eiay he varied without appreciably altering the 
hydrodynamic performance with respect to resistance and spray 
characteristics provided that the product of the beam and the 
sq.usrG of the length is held constant. This criterion was used 
in desigiiing a faially of hulls with length -beam ratios of 6, 9, 

12, and 15 which are applicable to a flj’-ing boat for which gross 
wei^t, power, center of gravity, tail length, and all geometries 
except the hull itself are held constant. The hydrodynamic perform- 
ance with respect to spray and resistance characteristics would 
therefore be sisvilar regardless of length-beaiu ratio in the afore- 
mentioned range; thus, the rels.tive aerodynamic performance of the 
hulls vrou.ld be an Important factor in detemdning the length-beam 
ratio used in tlie flying -boat design. 

The present Investigation was made in the Langley 3 OO M?H T" 
by 10-foot tunnel to determine the effect of length-beam ratio on 
the aerodj'namic characteristics of the family of hulls previously 
described. The effect of wing interference is included in these 
chai’acteristics . 


COEFFICrSlJTS AM SYMBOLS 


The results of the tests are presented as standai'd MCA 
coefficients of forces and moments. Lolling -moBient, yawing-moiiBnt, 
and pitching-moment coefficients ai'e given about the location 
( 30 -percent -chord point of wing) shown in figur'e 1. Except where 
noted, the wing axea, mean aerodynamic chord, and span of a hypo- 
thetical flying boat derived from the XPBB-1 flying beat (fig. 2) 
are used in determining the coefficients and Seynolds number. 

The data are referred to the stability axes, which are a system 
of axes having their origin at the center of moments shown in 
figin-e 1 and in which the Z-axia is in the plane of symmetry 
and perpendicular to the relative wind, the X-axis is in the 
plane of symiiBtry and perpendicular to the Z-axis, and the Y-axis 
is perpendicular to the p3.ane of symmetry. The positive directions 
of the stability axes pts shown in figure 3 > 

The coefficients and symbols are defined, as follows; 
lift coefficient (Lift/aS where Lift = -Z) 

Cj) drag coefficient (Drag/qS where Drag ^ -X when \j; = 0) 

Cy longitudinal -force coefficient (X/q3) 
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lateral -force coefficient (Y/qS) 
rolling -niornant coefficient (L/qSt) 
pitching-irioiaent coefficient (M/qSc) 
yawing -inoiiient coefficient (N/qSt) 
force along X-axis, pounds 
force along Y-ae;lg, pounds 
force along S-axis, poniids 
i^olling norient, foot-pounds 
pitching noL^ent, foot-pounds 
yawing moiisnt, foot-pounds 

f ree -streaar dynojrdc pressiire, pounds per square foot 

wing aiea (16.26U sq ft for ~-scale model of hypothetical 
flying hoat, fig. 2) 

rrean aerodynamic chord of wing (1.377 ft for ~-scale model 
of hypothetical flying boat, fig. 2) 

wing span (13.971 ft for ~-scale ?uodel of hypothetical 
fl,Ying boat, fig. 2) 

air velocity, feet per second 

mass density of air, slugs per cubic foot 

antile of attack of hull base line, degrees except where 
othenrise noted 

angle of yaw, degrees 

length -beajn ratio, where L is distance from forward 
perpendicular (f.?.) to sternpost and. b is riiaximum 
beam (fig. l) 


NACA TN No. 1305 




M 




'iid.n 








%dn 




rain 


Reynolds mariber^ 'based on niean aerodynamic chord of wing 
of —-scale model of hypothetical flying boat 
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Airspeed 


\Speed of sound in airy 
minimum drag coefficient 

mlniijium drag coefficient based on maociinum cross-sectional 
area A of huJ.l (Drag/q_A) 

minimum drag coefficient based on voluaie v of hull 

(Dra3/q’.«V3'j 

minirai’xa drag coefficient based on surface area W of 
hull (Di-a(:/qW) 


oa 

SCv, 

n 

$Cy 
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MODNL AND APPARATUS 


The hulls •vrero designed b3'" the “Langley Hydrodynamics Division. 
DiBiensions of the hulls are given in figure 1 end offsets are given 
in tables I to IT. 


Lang3.ey tanlr model 203 was derived from a hypothetical 

flying boat, Langley tanic model 203A, essentially simllai' to tlie 
Boeing XPBB-1 flying boat (fig. 2). The form and proportions of 
hull 203 (all Tjangley tanic models are referred to hei-ein as hjlls 
because onlj'’ the hulls of the raodols were used for the tests) are the 
same as those of hull 203A except that the tail oxtension was refaired 
and the depth of step at the keel wc.s increp.sed from O.89 inch to 
1.16 inches Tlie depth of step was increased to perriilt adequate 
hy:ii’odynamic stability at the lowest length -beam ratio. Because the 
depth of step is to remain a constant throughout the series, it is not 
to be a,ssu3i^d that the h^'^drodynamic stability as similar for the 
several models but it xivs.'j be assvemed that the change in stability 
is not such as to Bialce any of the hulls unsatisfactory' . 
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Langlej tanlc modsls 213, 214, end 224 were derived from model 203 
"by keeping constant the product of the team and the sq^uare of the 
length, the depth of step at the keel, and the riiaximmi height of the 
hull. The location of the wing with respect to the step and the 
length of the hull aft of the step (afterbody plus length of tail 
extension) are the same for all models. The change in over-all 

length due to variation of ^ is accomplished by varying the 

forebcdy length. The volunee, surface areas, maxi'avon cross-sectional 
areas, and side areas for the four hulls are coi’ipared in the 
following table : 


Langley 

tanlc 

model 

1 

L 

b 

Volume 
(cu in. ) 

Surface area 
(sq in. ) 

Maximuin cross- 
sectional area 
(sq in. ) 

Side area 
(sq in.) 

213 

6 

14,831 

4540 

226 

1639 

203 

9 

12,916 

4581 

182 

1752 

214 

12 

11,526 

4554 

150 

1870 

224 i 
1 


10,653 

4760 

130 

1985 


The models were mounted on a wing which was designed either to 
span the tunnel test section vertically as shown in figure 4 
(two-dimensional mounting) or to be mounted horizontally as shown 
in figui’e p (three-dimensional mounting). Transf orx.iation from 
one momting to the other was achie\'’ed through the use of end caps 
and suitable cover plates. On all models, the wnng was set at an 
angle of incidence of 4*^ to the base line, had a 20 -inch chord, and 
was of the NACA 43'1 airfoil section. 

The hulls and wing were of laminated -wood construction and 
were finished with pigmented varnish. 

Stop fairings that exte ided 9 times the corresponding depth of 
step at the keel were made of wooden blocks for the huJ-ls of 

^ = 6 and ^ = 12. The general proportions of the fairings are 
b b " ■ 

shown in figure 6. 
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TESTS 


Test Conditions 


The tests •^.’■ero ins.de in the Lnngley 300 M?H 7- hy 10-foot 
tunnel at dynamic pressures ranging from 25 to 200 pounds per 
square foot, which correspond to airspeeds ranging from 100 to 
290 miles per hour. Reynolds mmibers, oesed on the mean aero- 
dynaiiiic choi’d of the wing of the hypothetical flying hoat, ranged 
from 1.25 X 10^ to 3*^0 x 10^. Corresponding Mach niuibers ranged 

from 0.13 to 0.39 (fig* ?)• 


Blocking corrections h<ave teen applied to the wing and 
wing -plus -hiill data. Tho drag of the hull has Been corrected for 
horizontal huoyancy effects caused hy a tuamel static -pressure 
gradient. ..Angdes of attack have seen corrected for structural 
deflections caused hy aerodynamic forces. 


The aerodjmemic characteristics of the hu3.1s were d.etermined 
with the interference of the mounting wing hy testing the L’lng 
alone and the wing -plus -hull conibinations ur.der the same conditions. 
The aerod;;rnamic coefficients of the hull were then determined hy 
suhtracticn of wing-alono coefficients from wing -plus -hull 
coefficients . 

In order to minisiize possible errors that result from transition 
shifting on the wing, the wing transition was fixed at the leading 
edge for all tests hy mecns of roughness strips of approximately 
O.OCS-inch -diameter carhormdum particloa. The particles were applied 
for a length of 8 percent chord of the momiting wing r/easured along 
the airfoil contcor from the leading edge on hoth upper and lower 
sui’faces . 

The hulls, with the exception of hall 22U, were tested with 
fixed and free transition. For the fixod-transitlon tests, a 

transition strip inch wide was located appr oxime. tely 5 percent 

cf the hudl length aft of the how. Carhorundui;i pai-ticles of 
appi-oximately 0.008-inch diaxiieter were used for this strip also. 


made with the model mounted horizontally and vertically to obtain 


Corrections 


Test Procedure 


With the exception 



pitch tests were 
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data with different tunnel -wall conditions and different mountings. 
Hull 22h was tested at a later date than were the hulls of lower 
length-beam ratios and was tested onJ.y with the horizontal 
mounting. All yaw tests were made with the horizontal moionting. 


RESUI.TS Aim DISCUSSION 


The effects of length -bear'i ra.tio on the variation of hull 
aerodynamic characteristics with angle of attack are presented 
in figures 8 and 9 and with engle of yavr in figvire 10. Tlie 
e;ffects of .length-beaiu rati,, on drag and on the stability 
parameters Cmjf, and Cy^ are summarized in figure 11. 

Comparison of data (figs. 8 and 9) from the two-dimensional 
and three -diiiiensional mounting setxips under simlla.r test conditions 
shows fairly good agreerient . An increase in the length -beam ratio 
resulted in a reduction in the drag coefficient throughout the angle - 
of -attack range tested. The minimun driag coefficient for Liost 
conditions occurred in the angle -of -attack range between 2° and 3°* 
Because of structiual i.initations of the mounting wing^ it was 
riacessary to liiidt the data obtained at the higher Reynolds number 
cor^dltions to the angle -of -attacic ranges shown. With transition 

fixed, the miniraim drag coefficient for the hull of ^ - 9 

less by a value of O.OOOQ 0-2 percent) than the minimum drag 
coefficient for the hull of •r = 6 (fig. 11). Smaller reductions 
in minimuj:! di’ag cnefficlenb, O.OOO7 and O.OOO6, occuired when ^ was 
extended from 9 to 12 and from 12 to I5, respective!;'-. The over -all 
reduction for an oxtensicn of from 6 to 15 was 0.0022, a 
reduction of 29 percent. The data for the free -transit! on tests 
show the same general variation of C-n._4^ with -r, amd the value 
of is about 0.0005 lower than for the fixed-transition 

tests throughout the range of length -beac’ ratio. Reference 1 indica-tes 
that the sai--® general trend of with ^ will probably occur 

for a hull without wing intc.rference although the absolvite values 
will differ. 

The characteristic of drag reduction with increase in length- 
beam ratio is similar to that repor-bed in a British paper of limited 
distribution by Clark and Ca-c®ron. A corrparison with data from 
the British paper of drag coefficients (transition free) based 
on cross-sectional area, volume, and sui'face area is presented 
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in figure 12. Variations of the drag coefficients with generally 

coBiJare favorably. It m^lst he rernemhered, however, that the hulls 
tested hy Clark and Caneron vrere not designed from the same hydro - 
dynamic criterion used in the present investigation and vrere tested at 
a lower Reynolds number. The British results are, therefore, not 
directly comparable with the results of the present investigation 
but indicate the same trends. The effect of Reynolds number on 
as indicated herein (fig. 13) ■'J’as generally snall^ however, some 
reduction did occur with Reynolds number, especially for the 
transition -free condition. 

In order to obtain some indication of the effect of aerodynamic 
refinement on the variation of with length-beam ratio, the 

hulls of ^ -^ = 12 were tested with step fairings as 

shown in figure 6. A coEiparison of these data (fig. l4) with those 
of the origina-1 step condition shows a similar reduction in drag 
coefficient for both length -beam ratios j thuis the sa:;© general 

variation of with ^ exists. The reduction in drag 

coefficient was approximately 13 percent for the hull of ^ 

and 16 percent for the hvxll of ^ = 12. These data agree in 

general with the data of the British paper in which the drag coefficient 

of a hull of ~ = T =5*7 as defined in the present papei^ 

was decreased 16 percent by the addition of a step fairing. 


Increased length-beam ratio had a beneficial effect on hull 
longitudinal stability but caused an increase in directional instability 
(fig. 11) . The change in longitudinal stability corresponds to 


a rearvrard aerodsmamic- center shift of about 
dynamic chord on a flying boat when 


percent mean aero- 


was changed from 6 to 15* 
b 


Calculations made from reference 2 for the hulls without wing inter- 
ference gave values of approxima.tely the same as those of 

figure 11, which fact indicates that the geometry of the hullo 


probably accounted for most of the variation of with — . 

Reynolds number and transition had very little effect on Cdtq,. 

At an angle of attack for minimum drag of 2°, the directional 

instability, measured by Cn.^, was greater for ^ = 15 than for 

L ^ 

— = 6, the valu.es of being 0.001k and O.OOO 9 , respectively. 

Increasing the angle of attack to 6° resulted in a less unstable 
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condition; the values of were generally redx’.ced about 0.0002 

throughout the range of length -heam ratio. 

A.n esti.niate was made to determine the dra.g reduction with 
increasing length -beaia ratio for the hulls fitted with vertical 
tails, the sizes of which were ad^lusted to give the same directional 
stability. Calculations indicate that the increase in vertical- 
tail size wonld have a small effect on the variation of drag vrith 
length -beaoi ratio: as a result, the drag coefficient contributed by the 

vertical tail would be about 0.0002 greater for r = 15 than that 
for = 6. This increase in verticc,l-tail size would be somewhat 

compensated for by an alJ.ovreible decrease in horizontal -tail area at 
the higher length-beam ratios provided that sufficient horizontal- 
tail area were available for trim. The decrease in horizontal- 
tail area with however, would probably be less than the increase 

in vertical-tail area. 

The parazieter CY\ir was slightly more positive at the higher 

length -beam ratios. Increasing the angle of attack frora 2° to 6° 
had a negligible effect on Cy^. These variations of the parameters 

Cy^. and Cn^ with ~ probably result from the increase of hull 
length and side area ahead of the center of mor'ient at the hi^er 
value of ■J' as shovm in fignn-e 1. For convenience the stability 

T 

parameters for each value of ~ are presented in table Y. In 

b 

order to coraparc the resiilts of these tests with the results of 
investigations made of other hulls and fuselages, the parameters Kf, 
'oCnp'/^^S and 5Cn/oP^ as given in references 3, f-J^d 5, 

respectively, ere included in the table. The parameter Kf is a 
fuselage mc^ient fa,ctor: in the form of 3Cm/5a, based on hull 

beam and J.ength where a is in radians. The yawing -moment 
coefficient ' in based on voltime and is 

given about a reference axis O .3 of the hull length from the 
nose . The parameter SCj^/Sp is based on hull side area and 

length for which the yawing morant is also given about a reference 
axis 0.3 of the hull length from the nose and p is given 
in radians . 
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Inatalillity as given "by the parameters SCnf 5 Cn/c )3 
generally agreed closely with the hul 2 . values given in references 4 
and 5. Tlie increase of with ~ can he attributed 

to the reduced numerical values of volume used in determining the 
coefficient at the hi,'jher length - 1 ) 6 arii ratios as well as the 

fsenerally destabilizing effect of increasing 


Tuft studies of the fco.ebody bottom and stop part of model 203 

fL 9 ) are presented in figures 15 and 16 , respectively. 

Vb 


CONCLITSIONS 


The res’.ilts of , wi.nd- tunnel tests of a family of hulls ~ in 
the presence of a wing - having length -beam ratios of 6 , 9 , 12 ^ 
end 15, a coiistant product of the beara and the sq.tiar’e of the 
length, a constant height, and. the sane depth of step at the 
keel indicated the following conclusions: 


1 . With transition fixed a reduction in miniimm drag coefficient 
of 0.0022 (29 percent) occurred when length -beam ratio was extended 
froid 6 to D 5 - 

2 Minirnuid drag for all hulls tested generally occurred in 
the range of engle of attack from 2° to 3°- 

3 . Increasing length -beam ratio from 6 to 15 caxised an increase 
in hull longitudinal stability by an amount corresponding to a 

rea:rward aei-odynaaiic -center shift of about 2^ percent mean 
aerodynamic chord on a flying boat. 

h. Increasing length -beam ratio from 6 to 15 increased the 
hull directional instabilit by increasing the variation of yawing- 
mcdBnt coefficient with an^ ie of yaw from a. value of 0.0009 to 
a va.lue of O.OOlh at an angle of attack of 2 ^. 

5. incorperating a huJ.1 step fairing, which extended longitudinally 
about 9 times' the depth of the step at the keel, resulted in a reduction 
up to 16 percent in minimuira da*ag coefficient. 


Langlejr Memorial Aeronautical Laboratory 

National Advisory Coiiiaittee for Aeronautics 
langley Field, Va., December 12 , 19^2 
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TABLE I 

OFFSETS FOR LANGLEY TANK MODEL 21J = 6) 

(a 11 dimensions are In InohesJ 



NATIONAL advisory 
COMMITTEE FOR AERONAUTICS 
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TABLE II 

OFFSETS FOR LANGLEY TANK MODEL 2O3 = 9) 

[a 11 dimensions are in Inches^ 



■NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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TABLE III 

OFFSETS FOR LANGLEY TANK MODEL 22h ^ ^ * 12 

[All dlraonslons are In Inoheej 



national advisory 

COKTMITTEE FOR AERONAUTICS 



table IV 


OFFSETS rOR LANGLEY TMEt MODEL 224 


jAll dimensions, are in inchesj 



Ol 
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TABLE V 


MINIMUM DRAG COEPPICIENTS AND STABILITY PARAMETERS FOR LANGLEY TANK MODELS 213, 203, 21^, AflD 224 


Model 

L 

b 



Kf 

Cy. 

♦ 

Cn 


SCn/Sp 


/St' 

a = 2° 

0 

VD 

II 

G 

« i 
II 

ro 

0 

a = 6° 

Q 

II 

ro 

0 

Q 

>1 

G^ 

0 

a = 2° 

a = 6° 

213 

6 

0.0075 

0.0062 

0.83 

0.0048 

0.0048 

0.0009 

0.0008 

-0.099 

-0.081 

0.021 

0.017 

203 

9 

.0066 

.0050 

1.10 

.0051 

.0050 

.0012 

.0010 

-.100 

-.088 

.027 

.023 

2l4 

12 

.0059 

.0043 

1.35 

.0051 

.0051 

.0013 

.0012 

-.100 

-.115 

.034 

.040 

224 

15 

.0053 

.0038 

1.56 

.0051 

.0051 

.0014 

.0013 

-.101 

-.126 

.04l 

.052 
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Figure 1.— Lines of Langley 


tank models 203, ^13, 2l4, and 224. 
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Fig. 2 





Figure 2.- Comparison of ^-scale models of the XPBB-1 flying boat 
and hypothetical flying boat incorporating hull 203 (^ = 9^ • 


Fig. 3 
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/ 



Pigxire 3.— System of stability axes. Positive values of forces, 
moments, and angles are indicated by arrows. 
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Fig. 4a 



(a) Wing alone. 

Figure 4.- Two-dimensional moimting of flying -boat hulls in the 
Langley 300 MPH 7- by 10-foot tunnel. 




NACA TN No. 1305 


Fig. 4b 



(b) Hull 203 ( ^ with wing. 
Figure 4 . - Concluded . 




(a) Wing alone. 

Figure 5.- "Ihree -dimensional mounting of flying-boat hulls in the 
Langley 300 IVEPH 7- by 10 -foot tunnel. 
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Fig. 6 



Figure 6«— General details of step fairings. Bottom viev of hull 



Reynolds numhen 

Figure 7.- Variation of Mach number with Reynolds number of the ^ -scale hulls of a 

hypothetical flying boat. 




Fig. 7 NACA TN No. 1305 


NACA TN No. 1305 


Fig. 8a 



(a) R = 1,250,000; transition fixed. 

Figure 8.- Effect of length -beam ratio on the aerodynamic 

characteristics in pitch of the ^ -scale hulls of a h 3 rpothetical 
flying boat. Two-dimensional mounting. 



Pitchnq -moment 

Lift coefficient ^ Q. Drag coefficient, Cp coeff mient ^0,^7 


Fig. 8b 
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(b) R = 2,450,000; transition fixed. 


Figure 8.- Continued. 


I .rj. rr .L ^ r-^ ^ PitcH/nq^ tnome/it 

L/rt coeffjc/ent,C^ Drag coerf/clent , Co coefficient, 
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Fig. 8c 



Angle of attack ^ cc, deq 


(c) R = 3,400,000; transition fixed. 


Figure 8.- Continued. 
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(d) R = 1,250,000; transition free. 
Figure 8.- Continued. 
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Fig. 8e 



(e) R = 3,400,000; transition free. , 
Figure 8.- Coiicludeu. 
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Figure 9.- Effect of length -beam ratio on the aerodynamic 

characteristics in pitch of the ^ -scale hulls of a h 3 ^othetical 
fl 3 ^ng boat, transition fixed. Three-dimensional mounting. 
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Fig. 10a 



(a) a = 2°; R = 1,250,000; transition fixed. 


Figure 10.- Effect of length -beam ratio on the aerod 3 mamic 
characteristics in yaw of the -scale hulls of a hypothetical 
flying boat. Three-dimensional mounting. 
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(a) Concluded. 


Figure 10.- Continued. 
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Fig. 10b 
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(b) a = 6°; R = 1,250,000; transition fixed. 
Figure 10.- Continued. 
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(b) Concluded. 
Figure 10.- Concluded. 
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Fig. 11 



Figure 11.- Effect of length -beam ratio on and the 

.min 


parameters 

h 3 ^othetical flying boat. 


for the -scale hulls of 



tested by the British. Transition free. 
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Figure 13.- 
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Figure 14.- Effect of step fairing on the aerodynamic characteristics 
in pitch of the ^ -scale hulls of a hypothetical flying boat. 

R = 2,450,000; transition fixed; three-dimensional mounting. 



NACA TN No. 1305 


Fig. 15 





NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
LANGLEY MEMORIAL AERONAUTICAL I ABORATORY - LANGLEY FIELD VA 


crur" 









NACA TN No. 1305 


Fig. 16 
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Figure 16.- Tuft studies of step part of hull 203 
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